Abstract Various approaches have been described for metal-on-metal hip resurfacing. We compared the posterolateral and direct lateral approaches for complications, pain, function, and implant survival in the short and medium term for two surgeons in a consecutive series of 790 patients (909 hips; July 1997 to July 2004) followed until July 2007. The direct lateral approach group included 135 resurfacing procedures and the posterolateral group included 774 procedures. There was no difference between the two groups for age or gender. The minimum followup for the anterolateral group was 2 years (mean, 5.1 years; range, 2.0-9.4 years) and for the posterolateral group 2 years (mean, 5.5 years; range, 2.0-9.6 years). There were no differences between the two approaches for complications, additional surgery, implant survival, or Oxford hip scores. The 8-year survival rate was 97.9% (95% confidence interval, 89.9-100) for the direct lateral approach and 97.2% (95% confidence interval, 93.9-99.3) for the posterolateral approach. This study indicates both approaches offer excellent pain reduction and return to function after Birmingham hip resurfacing with no difference in survival or in the incidence of complications. An 8-year survival rate of 97% can be achieved using either the posterolateral approach or the direct lateral approach. Level of Evidence: Level III, therapeutic study. See the Guidelines for authors for a complete description of levels of evidence.
Introduction
Since the reemergence of hip resurfacing using metal-onmetal bearings, the majority of surgeons have preferred the posterolateral approach, which is favored by its developers [18] . Many surgeons who do THA use a direct lateral approach such as that of Hardinge [9, 16] or Stephenson and Freeman [26] and would have a preference to apply a similar approach in hip resurfacing. In deciding which approach to use, consideration of survival and complications using one approach or another must be assessed. Hip resurfacing presents one major technical difficulty that conventional THA does not -that of preparing the acetabulum while the femoral head remains. The view of the acetabulum may be impaired because of the presence of this retained femoral head. A particular approach may make the operation more technically difficult and this may lead to poor component positioning, increased surgical complications, and higher revision rates. Operations that are complex or technically demanding can have a higher complication rate [10, 13] . For hip resurfacing, a current central issue is whether the use of a posterolateral approach may potentially jeopardize the femoral blood supply leading to femoral head collapse [19, 27, 29] . Direct studies of blood supply have been suggestive but not conclusive [25] . The crucial issue is whether any such theoretical insult might lead to implant failures on the femoral side and subsequent revision. Thus, implant survival is the preferred outcome measure for indicating any real effect on femoral head viability.
Surgical complications may vary between approaches or show a marked difference between different surgeons or different centers [13] . In THA, for example, debate has centered on dislocation rates when comparing direct lateral and posterolateral approaches [13] . When deciding on which approach to use, the type and frequency of the complications associated with each approach must be considered. Any clinically important difference in complication rates between approaches would have a bearing on which approach would be most suitable for hip resurfacing.
This study seeks to address whether there is any difference in the survival, functional outcome, mortality, or complications between the direct lateral and the posterior approach when used for hip resurfacing in two groups of comparable patients with osteoarthritis of the hip.
Materials and Methods
The study design was a case-control (two cohorts) study. A MySQL database was used for storing data on all patients treated by hip resurfacing at our institution, which was initiated in July 1997. A search of the database was performed in July 2007 to select two cohorts. At that stage, the database had details of 2765 hip resurfacing procedures. The preoperative details in the database include age, gender, primary diagnosis, address, and operating surgeon. Two groups were selected from the database in July 2007 by selecting procedures performed by one of the authors (AMT or RBT) from July 1997 through July 2004. The work of these two surgeons was chosen because the direct lateral approach is used by one of the surgeons (AMT) and the posterolateral approach by the other (RBT). Both surgeons have established practices and are experienced in hip arthroplasty. The surgeon who uses the direct lateral approach has a subspecialist interest in surgery for patients with rheumatoid arthritis. The surgeon using the posterolateral approach has a more extensive resurfacing practice, including expanded indications for the procedure such as osteonecrosis and complex secondary arthritis. The study was limited to cases of osteoarthritis to minimize potential confounding resulting from different diagnosis profiles of the two surgeons' practices. Patients without the diagnosis of osteoarthritis and not based in the UK were excluded. A comparison of the demographics (age and gender) of the two groups in the database was performed to identify if either of these could act as confounding variables. The inclusion and exclusion criteria provided a direct lateral approach group of 135 resurfacing procedures in 111 patients and a posterolateral group of 774 procedures in 679 patients.
There was no difference in mean age at the time of surgery between the two groups (53 years [range, 27-72 years] for the direct lateral group and 54 years [range, 17-78 years] for the posterolateral group). Overall, 581 (64.0%) resurfacings were performed on male patients and 326 (36.0%) on female patients. There was no difference in the gender distribution between the two groups: there were 88 (65%) male and 47 (35%) female patients in the direct lateral group and 497 (64%) male and 277 (36%) female patients in the posterolateral group.
The Birmingham Hip Resurfacing TM system (Smith and Nephew PLC, London, UK) was used in all patients. This is an as-cast cobalt-chrome metal-on-metal total hip resurfacing design for hybrid fixation (cemented femoral component and uncemented acetabular component). Surgery was performed in a laminar airflow operating room with patients receiving an antiseptic prepreparation in the anesthesia room. Patients in both groups were supported in a lateral position for the procedure. Antibiotic prophylaxis was routinely 1.5 g cefuroxime on induction and then three subsequent doses of 750 mg cefuroxime. One of the surgeons (AMT) uses exhaust suits as an additional aseptic measure. Thromboprophylaxis was postoperative warfarin aiming to keep the international normalized ratio between 1.5 and 2.0.
The posterolateral approach has been described [28] . After division of the fascia lata, the gluteus maximus is split in the line of its fibers. Sharp dissection allows reflection of the external rotators from piriformis to gluteus maximus. A posterior capsulectomy is performed and the femoral head dislocated. It is delivered into the wound by a further anterior capsular release. The femoral neck is measured to determine the femoral component size. The acetabulum is reamed with hemispheric reamers, usually to within 2 mm of the desired size. Trialing is with a 1-mm undersized component. After placement of the acetabular component, the femur is prepared using a jig to define alignment in slight valgus. Drilling, sleeve reaming, and chamfering prepare the head to accept the definitive femoral component, which is fixed using Simplex 1 lowviscosity cement (Howmedica International, Limerick, UK). After reduction, the posterior repair is performed using a continuous looped polydiaxone suture.
The direct lateral approach is based on the technique described by Stephenson and Freeman [26] . The skin incision is centered on the greater trochanter and curves gently proximally and posteriorly. A generous length of incision is used to minimize muscle injury resulting from retraction [11] . The tensor fascia lata is divided in the line of the skin incision. The anterior fibers of the gluteus medius are reflected superoanteriorly from the greater trochanter without splitting proximally and without disruption to the vastus lateralis muscle distally. The gluteus minimus tendon is divided leaving a stump for suturing. The joint capsule is incised and a total capsulectomy is performed. The femoral neck is measured to determine the femoral component size. Femoral component alignment is assessed visually off the neck and 5°intentional valgus is introduced. The alignment and pin entry level are marked using a diathermy pencil. The pin entry level is normally at the upper margin of the gluteus maximus insertion onto the femur. The pin is placed slightly posterior to allow for neck anteversion, which is checked using the manufacturer's femoral jig and a guidewire. The femur is drilled over the guidewire. During this maneuver, the leg is internally rotated to eliminate the risk of the guidewire being driven into the sciatic nerve. The femur then is prepared. This reduces the femoral head size, which facilitates observation of the acetabulum. It is important that the posterior capsule be completely incised at this stage to allow the femoral neck to be depressed inferiorly. The femoral head is protected while the acetabulum is reamed. The acetabular reamer acts as a retractor and minimal additional retraction is used on the anterior lip of the acetabulum. While reaming, if the femoral neck is not depressed adequately, the inferior osteophyte may be missed and risks placement of the cup in excessive abduction. After reaming, the acetabular component is impacted and checked. Before cementing the femoral component, the pin is removed from the lateral femur to allow venting. The femur is lavaged and secondary suction started. The femoral component is cemented using Simplex 1 low-viscosity cement (Howmedica International). The gluteus minimus and medius tendons are repaired using a continuous polydiaxone interlocking darn based on Kessler tendon repairs.
The postoperative regimen was the same for both groups. Full weightbearing was allowed routinely from the first day with walking aids as necessary. No restriction was placed on activities, including contact sports, after 6 months.
Details of postoperative early and late complications and any revision procedure performed at this institution or elsewhere were recorded in the database. The cause of any death during followup was recorded. The Oxford hip score (OHS) [4] was used to assess pain and function. Scores were recorded preoperatively and at each postoperative outpatient visit. Typical followup of patients included a review three times during the first year. Thereafter, visits were usually on an annual or biannual basis to 5 years with a planned review every 5 years. Patients were considered lost to followup if there had been no clinical review of the patient in the 2 years before July 2007. This ensured a minimal followup of 2 years. When necessary, data were supplemented by a mailed questionnaire and review of the patient notes to reduce the number of patients who were lost to followup.
There was complete followup data available for 130 (96.3%) patients from the anterolateral group and 705 (91.1%) patients from the posterolateral group. The minimum followup for the anterolateral group was 2 years (mean, 5.1 years; range, 2.0-9.4 years) and for the posterolateral group 2 years (mean, 5.5 years; range, 2.0-9.6 years). All patients, including those without complete followup, are included in the analysis up to the point of last followup of the patient.
Our institution is a large elective orthopaedic hospital and some patients may have attended an acute local hospital for treatment of a medical complication after discharge from this institution. The medical records of all patients in the anterolateral group were reviewed and contact made with the patient's primary care physician when necessary to ensure accuracy of the reporting of the number of complications in the two groups. It was deemed infeasible to review all the medical records from the large posterolateral group. For this reason, it was decided to produce a subgroup of the posterolateral group by performing computer-based matching by age and gender with the anterolateral group [23] . This subgroup of the posterior group was used only for reporting complications. The whole of the posterolateral group (774 cases) was used in the reporting of mortality, implant survival, and functional scores.
The ''R'' statistical package was used for statistical analysis [23] with confidence intervals derived from the two-sample t test for continuous variables, the chi square test for dichotomous variables, and the Mann-Whitney test when appropriate. Functional scores were assessed using the median and interquartile ranges. For the OHS, only questionnaires with more than 10 (of a possible 12) questions answered were considered valid and the percentage of questions answered was taken as the final value [22] . The Kaplan-Meier method was used for survival analysis. The Peto method for calculating the lower confidence limit for survival was used. The level of significance applied was 95.0%. Power calculations assumed b = 0.2 and in the case of survival analysis that there were exponential distributions for both treatment groups, thus allowing estimation of the expected number of events in the two groups.
Results
A log rank test did not show a difference in survival between the two groups for the duration of the study. Fourteen resurfacings had been revised: two (1.5%) in the direct lateral group and 11 (1.4%) in the posterolateral group (Table 1 ). The 8-year survival rate was 97.9% (95% confidence interval, 89.9%-100%) for the direct lateral approach and 97.2% (95% confidence interval, 93.9%-99.3%) for the posterolateral approach ( Fig. 1 ; Tables 2,  3 ). If a difference in survival of 0.5% at 8 years was considered clinically significant, power analysis shows 25,000 cases would need to be recruited to both treatment arms to show this.
There was no difference in the OHS between the medians of the two groups at any time during the study as judged by the confidence intervals (Fig. 2) . A total of 2530 OHS questionnaires were completed by 700 patients during the study period. One hundred eight (80.0%) patients from the anterolateral group and 592 (76.5%) patients from the posterolateral group completed preoperative and postoperative OHS questionnaires. Analysis of the outcome scores showed an improvement in function and pain at the same rate in the two groups. Preoperative median OHS was 65.6% (interquartile range [IQR], 52.0%-80.2%) for the direct lateral group and 62.5% (IQR, 50.0%-75.0%) for the posterolateral group. Maximum improvement was achieved by 12 months and was maintained for the duration of followup. Median OHS was 4.2% (IQR, 0.0%-16.7%) for the direct lateral group and 8.3% (IQR, 1.0%-27.2%) for the posterolateral group at 12 months.
Mortality rate was not different between the two groups using the proportion test. There was one death (one hip) in the direct lateral group and 17 deaths (20 hips) in the posterolateral group. Of the 18 deaths, one at 3.6 years was related to sepsis; the primary source of infection was a deep infection of the hip. Nine additional deaths had a cause that was unrelated to the hip resurfacing and the remaining eight had no cause available from the relevant hospital or general practitioner records. If there really was a difference in these mortality proportions, a power analysis shows 4100 cases in each group would be required to show this was not a false-negative.
There was no difference in the rate of early postoperative (less than 1 year) complications between the two groups. In the direct lateral group, there were two deep vein thromboses, one superficial wound infection, one sciatic nerve palsy, and one return to the operating room for washout of suspected early deep infection. The sciatic nerve palsy occurred when the guidewire for the femur was drilled through the lateral cortex into the nerve. Partial recovery occurred. The patient who had a washout 6 weeks postoperatively had negative cultures and no additional problems occurred with this patient. Another case from the direct lateral group had acetabular failure at 10 months. The acetabular component loosened and moved into a vertical position and this was revised with retention of the femoral component. In the posterolateral group, there were two deep vein thromboses, one superficial wound infection, and one large wound hematoma requiring drainage in the operating room. One fracture of the neck of the femur 
Discussion
Hip resurfacing has regained prominence as a technique for primary hip arthroplasty during the last decade. Bone preservation on the femoral side presents some technical issues to the surgeon when preparing the acetabulum. The choice of surgical approach therefore is important to allow adequate exposure. The results of different approaches must be reproducible without any increase in complications. We addressed whether there was any difference in the survival, functional outcome, mortality, or complications between the direct lateral and the posterior approaches when used for hip resurfacing in two groups of comparable patients with osteoarthritis of the hip. One limitation of our study is complete data were not available in 8% of the study group despite efforts to reestablish contact with patients lost to followup. However, we report on 835 hip resurfacing procedures that have complete followup between 2 and 9 years. If a difference in survival of 0.5% at 8 years was considered clinically significant, power analysis shows 25,000 cases would need to be recruited to both treatment arms. These large numbers are unlikely to be feasible in any setting other than a large prospective multicenter study.
The posterolateral approach to the hip may be extended if necessary. It is straightforward for accessing the hip between neuromuscular planes and conserving the abductor group of muscles. It is not proven to have an excessive risk of dislocation in THA, provided adequate posterior repair is performed [14] . In modern hip resurfacing, dislocations seem to be less common than in conventional hip arthroplasty [3, 28] . Concerns have been raised regarding a potential insult to the terminal subcapsular branches of the medial circumflex femoral artery [8, 12, 25] . However, it has been suggested, in established osteoarthritis, there are protective pathophysiologic changes to the blood supply of the femoral head [5, 29] . Beaulé et al. regard the extraosseous blood supply as being at further risk at the stage of femoral neck reaming [2] . It also was shown by using surrogate markers that bone perfusion is reduced when a posterolateral approach has been used compared with a direct lateral approach [6, 25] . It seems likely there is at least some temporary disruption of blood flow, but compensatory flow from inferior retinacular vessels is feasible [27] . It remains to be shown whether any disruption is irreversible [20] . A detrimental clinical effect has not been observed in other published series [21, 24, 28] . In our study, there were two revisions (0.3%) for femoral head collapse and osteonecrosis in 774 hip resurfacings with a posterolateral approach. In comparison, when a direct lateral approach was used, none of the 135 collapsed. If damage to vascularity of the femoral head as a result of the procedure does occur, clinical sequelae remain rare, at least during the first 8 years postsurgery. It also was suggested damage to the vascularity when adopting a posterolateral approach is a contributory factor in early femoral neck fracture [25] . The one femoral neck fracture that occurred in the posterolateral group at 4 months had superior femoral neck notching on the initial postoperative radiograph. At revision, there was no evidence of osteonecrosis of the femoral head beyond that expected with a femoral neck fracture. In this large series, femoral neck fracture seems to be associated with neck notching rather than as a result of vascular injury. Furthermore, the low number of femoral failures using either approach suggests stress shielding does not play an important role in implant failure in the medium term. An additional two revisions in one patient were for persistent pain. This patient had no history of metal allergy, but at surgery was found to have a marked inflammatory response consistent with an allergic response. Continued monitoring is required to identify all modes of failure in this group of patients undergoing metal-on-metal resurfacing.
Advocates of the direct lateral approach such as that of Freeman [6] point out the terminal ascending branches of the medial circumflex femoral artery are not disrupted [25] . In addition, during acetabular preparation, the femoral head is retracted out of the wound rather than toward the bulk of the rectus and iliopsoas muscles, as in the posterolateral approach.
Other approaches have been advocated, including that of Ganz et al. [7] and as described by Mont et al. [17] involving a trochanteric osteotomy. Inevitably, an osteotomy requires repair with a risk of nonunion or of the subsequent need to remove metalwork. Minimally invasive approaches have been reported but have not shown any benefit over traditional approaches and are not recommended [15, 17, 26] .
Both approaches we described offer excellent return to function and pain reduction after Birmingham Hip Resurfacing TM . The rate of improvement is not considerably different and there is no major difference in survival or in the incidence of complications. The designers of the current generation of hip resurfacings continue to advocate a posterolateral approach; for surgeons experienced with a direct lateral approach, this can be used safely with comparable results.
